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A m e c h a n i s t i c  one-dimensional numer ica l  ( i t e r a t i v e )  model h a s  been 
developed which can  be used t o  s i m u l a t e  s p e c i f i c  t y p e s  of mesoscale  
a tmospher ic  d e n s i t y  (and p r e s s u r e )  v a r i a b i l i t y  i n  t h e  mesosphere and t h e  
thermosphere,  namely t h o s e  due t o  waves ( s e e  below) and t h o s e  due t o  
v e r t i c a l  f low a c c e l e r a t i o n s .  i .e . ,  q u a s i - s t a t i c  f low e f f e c t s .  The model 
was developed w i t h  t h e  i d e a  t h a t  i t  could  be used as a supplement t o  t h e  
TGCMs ( thermospher ic  g e n e r a l  c i r c u l a t i o n  models) s i n c e  such models have a 
v e r y  l i m i t e d  a b i l i t y  t o  model phenomena on small s p a t i a l  scales. The 
d e t a i l s  of t h e  model f o r m u l a t i o n  can  now be e v a l u a t e d  s i n c e  o b s e r v a t i o n s  
i n d i c a t e  t h a t  q u i t e  l a r g e  v e r t i c a l  f low a c c e l e r a t i o n s  e x i s t  i n  t h e  
d i s t u r b e d  h i g h  l a t i t u d e  thermosphere (ROBLE, 1983). The h o r i z o n t a l  scales 
f o r  which such effects  are p o t e n t i a l l y  p o s s i b l e  have been c a l c u l a t e d  u s i n g  
t h e  methods of SMITH (1980)  and are e q u i v a l e n t  t o  t h o s e  developed by 
REVELLE (1987a) .  Depending on t h e  thermal  s t r u c t u r e  and on t h e  mean 
h o r i z o n t a l  winds,  t h e  mesoscale  e f f e c t s  can  i n f l u e n c e  a r e g i o n  approaching  
500 km a c r o s s  under  extreme c o n d i t i o n s .  More t y p i c a l l y ,  however, t h e  
maximum h o r i z o n t a l  scale where q u a s i - s t a t i c  c o n d i t i o n s  a p p l y ,  are i n  t h e  
range  from 50 t o  120 km. C a l c u l a t i o n s  f o r  t h e  mean t r o p o s p h e r e  u s i n g  t h e s e  
methods i n d i c a t e  t h a t  t h e  cor responding  maximum v a l u e s  f o r  t h e  mesosca le  
regime are i n  t h e  range from 1 t o  50 km, w i t h  t h e  l a t t e r  be ing  a n  extreme 
value.  

The s t e a d y  f low,  i n v i s c i d  model e q u a t i o n s  used s a t i s f y  t h e  combined 
c o n s t r a i n t s  of c o n s e r v a t i o n  of mass, l i n e a r  momentum and of energy  on a 
middle  l a t i t u d e  f plane.  They r e p r e s e n t  a set of e q u a t i o n s  similar t o ,  but  
more g e n e r a l  t h a n ,  t h o s e  developed by GHOSH (1970). A s  d i s c u s s e d  i n  
REVELLE (1987a) ,  t h e  e q u a t i o n s  developed apply  not  t o  wave e f f e c t s  on t h e  
h y d r o s t a t i c  mean f l o w ,  but  r a t h e r  t o  t h o s e  of a v e r t i a l l y  a c c e l e r a t e d  mean 
f l o w ,  i.e., a s t a t e  of q u a s i - s t a t i c  balance.  The cor responding  e f f e c t s  of 
a n o n i n t e r a c t i n g ,  l i n e a r i z e d  p lane  wave model have been c a l c u l a t e d  i n  
REVELLE (1987b) i n  t h e  i n t e r n a l  a c o u s t i c - g r a v i t y  wave p a r t  of t h e  spec t rum 
i n  t h e  h i g h  and low f requency  l i m i t s ,  r e p s e c t i v e l y .  I n  t h e  l a t t e r ,  o n l y  
wave ampl i tude  w a s  c o n s i d e r e d  and wave s o u r c e s  were parameter ized  i n  t h e  
t r o p s o p h e r e  u s i n g  a modi f ied  form of g e o s t r o p i c  ad jus tment  theory .  

The s i m p l e s t  case t o  c o n s i d e r  was t h e  i n t e g r a t i o n  upward through a 
t ime-averaged,  h e i g h t  independent ,  h o r i z o n t a l l y  d i v e r g e n t  f low f i e l d .  T h i s  
s i t u a t i o n  was chosen i n  p a r t  because a n  a n a l y t i c  s o l u t i o n  w a s  d e r i v e d  f o r  
t h i s  case ( i n  h e i g h t  c o o r d i n a t e s )  which could  be used as a check on t h e  
v a l i d i t y  of t h e  numer ica l  r e s u l t s .  T h i s  w a s  impor tan t  s i n c e  small v e r t i c a l  
h e i g h t  s t e p s  were n e c e s s a r y  i n  o r d e r  t o  r e l i a b l y  i n t e g r a t e  t h e  r e s u l t i n g  
e q u a t i o n s .  Vertical  winds were i n i t i a l i z e d  a t  t h e  lower boundary u s i n g  t h e  
Ekman pumping t h e o r y  over  f l a t  t e r r a i n .  

The r e s u l t s  of t h e  computat ions can be summarized as f o l l o w s :  
I 
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a) Accelerating updrafts lower the air density (pressure) relative to 
the static case and vice versa. Nonaccelerated vertical flow does not 
influence the hydrostatically computed density (pressure) structure. 

b) Unless vertical winds are very large, dynamical density (pressure) 
variations are virtually identical to each other. (See also e) below.) 

c) The degree of density (pressure) change predicted with respect to 
the static reference state depends significantly on the local gas 
temperature. Vertical flow accelerations produce the maximum effect in 
regions of minimum atmospheric temperature (See also e) below.) 

d) The minimum vertical wind speed necessary to significantly modify 
the density structure in the mesosphere and the thermosphere is about 50 
m / s .  For vertical winds approaching 250 m/s, density changes of about f 20 
percent maximum can occur. 

e) An instability is predicted as the vertical wind approaches the 
isothermal acoustic wave speed. This could occur at the point where the 
vertical kinetic energylmass equals or exceeds the atmospheric potential 
energy/mass in an inviscid fluid. Current observations indicate that the 
latter possibility is highly unlikely to occur. 

In the current calcuations, only mechanistic solutions were used, 
i.e., formal solutions of the energy equation were not used to constrain 
the results. Such constraints are necessary in general however so that 
vertical motions can compensate for any net heating/cooling effects in the 
steady flow limit. In this region of the atmosphere a combination of 
thermal conduction, radiation, joule heating, horizontal transport of heat 
and wave dissipation effects, etc. would need to be considered in any 
realistic thermal balance computation. Instead, the net heating/cooling 
rate necessary to maintain a steady state with vertical winds was 
determined. If this net heating/cooling field could be considered 
realistic in terms of values determined from various energy budget 
estimates (for example, during a substorm joule heating rates in excess of 
1000 deg K/hr have been reported) then the effects of such accelerated flow 
on the statically computed reference state was considered reliable. Note 
that in a major heating event the static density (pressure) profile will 
also change significantly in general. Such effects have not been 
considered here. The reference state used was the U.S. Standard Atmosphere 
1976 which is likely to differ from a mean disturbed state, but especially 
above about 150 km. Since in this latter region the changes predicted are 
relatively small due to the elevated gas temperatures, these static changes 
are probably not of great signtficance with respect to the currently 
predicted mesoscale quasi-static changes. 

Although much work remains to be done, it would appear that the method 
is useful with regard to simulating density variability effects in the 
mesoscale range that cannot currently be addressed using either the TGCMs 
(see, for example, DICKINSON et al., 1981) or by using modified static 
diffusion models (see, for example, BARLIER and BERGER, 1983). This work 
was carried out in support of various NASA projects in this height regime 
including, but not limited to those of the shuttle, AOTV, Space Station, 
VARS, etc... 
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